Postoperative site infection is one of the most common causes of morbidity following surgical intervention. 1 Recognition of a patient's preoperative risk factors for infection may allow for prophylactic interventions that prevent the onset of severe postoperative wound infections. Prophylactic antibiotics, operative discretion, and alternative wound dressing techniques that may be unnecessary or impractical in most patients may significantly benefit those patients that carry a heightened risk for infection. Thus, identifying specific risk factors may aid in preventing infection in those who may potentially suffer. Using multicenter, prospective data from the National Surgical Quality Improvement Program (NSQIP), the present study sought to address this controversy by identifying preoperative and intraoperative risk factors for infection.
Materials and Methods

Data Source
Our study used the Veterans Affairs' NSQIP database. The database is prospectively collected by a surgical risk-assessment nurse who has completed in-depth training on conducting the protocol and in the definition of the various factors recorded. The database contains preoperative, intraoperative, and postoperative outcome information on veterans undergoing noncardiac procedures under general, spinal, or epidural anesthesia in 123 VA hospitals across the country. The project was approved by the institutional review board and the research and development committee of the Palo Alto Veterans Health Care System. No identifiable VA information was accessed by non-VA employees.
All patients who underwent a spinal surgery (decompression, fusion, or instrumentation) between 1997 and 2006 were included in our analysis. Current Procedural Terminology codes (Table 1) were used to identify the cases. The primary outcome analyzed was postoperative infection within 30 days of discharge from the hospital. Secondary outcomes were complication rate, total length of hospital stay after spinal surgery, and mortality. A number of demographic and preoperative risk factors were abstracted from the NSQIP database, stratified by age and are presented in Table 2 .
Statistical Analysis
Bivariate analysis was performed to evaluate associations between independent risk factors and infection rates. 2 analysis and Fisher exact test were used for categorical variables and a P Ͻ 0.05 was accepted as significant. A multivariate logistic regression model was constructed and backward stepwise regression was performed for the presence or absence of a postoperative spinal wound infection. The final model included significant variables and odds ratios (OR) were reported with the 95% confidence intervals. All the data analyses were performed with SAS version 9.1 (SAS Institute Inc., Cary, NC).
Results
Overall 752 patients (3.04%) had a postoperative wound infection, 287 (1.16%) deep and 468 (1.89%) superficial. Postoperative sepsis was observed in 113 (0.46%) patients (Table 2 ). Table 3 shows that postoperative wound infection patients had a longer hospital stay (7.12 vs. 4.20 days), higher mortality (1.06% vs. 0.5%) and higher return to the operating room rates (37% vs. 2.45%) compared to those without postoperative wound infection.
Univariate analysis identified several potential risk factors for infection including dependent functional status, insulin dependent diabetes, ASA classification of 4 to 5, history of weight loss before surgery, disseminated cancer, steroid use for a chronic condition, preoperative sepsis, or had a hematocrit Ͻ36 (Table 4) . Furthermore, those who underwent a fusion or instrumentation or had an operative duration of Ͼ6 hours also had a higher infection rate. Multivariate logistic regression identified insulin dependent diabetes, tobacco use, ASA class of 3 or 4 to 5, weight loss, dependent functional status, disseminated cancer, fusion/instrumentation, intraoperative transfusion, and an operative duration of 3 to 6 hours or Ͼ6 hours as statistically significant predictors of postoperative infection (Table 5) .
Discussion
The overall rate of surgical site infection for patients undergoing spinal decompression and fusion was 3.04%. This value is consistent with recently published studies that describe similar infection rates after spinal surgery.
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In agreement with previous studies, patients with ASA class 3 were 1.45 and ASA classes 4 to 5 were 1.66 times more likely to develop infection. 6 Olsen et al showed that orthopedic 2 patients with ASA class 3 or 4 were 2.6 times more likely to suffer from infection while neurosurgical 7 patients were 4.9 times more likely.
Postoperative infection was 2.14 times more likely in patients who experienced a 10% preoperative weight loss in the 6 months before surgery. While few studies have examined weight loss in detail, many have documented the effects of malnutrition by serum albumin, prealbumin, and total lymphocyte counts. 8 Klein et al reported that patients who were malnutritioned before surgery were 15.55 times more likely to develop infection (P Ͻ 0.0001). 9, 10 Insulin-dependent diabetes was associated with a 1.5-fold increased risk for postoperative spinal wound infection. This finding is widely supported in the literature, [11] [12] [13] with some reports of an OR as high as 4.2.
14 Diabetic patients are known to be susceptible to postoperative infection due to their immunocompromised state, 15 poor microvascularization, 16 and reduced wound healing potential. 17, 18 Tight control of serum glucose levels decreased postoperative wound infections after cardiac surgery. 19, 20 We found that anemia (HCT Ͻ36) was an independent preoperative risk factor associated with a 1.37-fold increase in wound infection rates. Other studies have reported similar findings. 12, [21] [22] [23] The effects may be secondary to tissue hypoxia or effects of perioperative transfusion. Several studies suggest perioperative transfusion is a risk factor for wound infections. 24 -27 Postoperative transfusions did not significantly influence infection rates in our study.
Other previously known risk factors were confirmed. Presence of fusion or instrumentation was associated with greater infection rates (OR: 1.24). Many studies have noted an increase in infection risk with fusion and operative complexity. 3,28 -30 In agreement with previous studies, 28,31-33 history of current smoking was associated with a higher risk of postoperative infection (OR:
1.21). Although history of chronic steroid use was significant on univariate analysis, it failed to reach significance at the multivariate level. A previous study by Wimmer et al 3 reported on an increase risk of postoperative spinal wound infections in steroid users but more recent studies 6, 28 failed to detect an effect. Our results suggest that chronic steroid use is not an independent risk factor but is likely associated with increased risks due to its effects on other independent risk factors.
Patients with postoperative infection had higher length of stay (7.12 vs. 4 days) and mortality (1.06% vs. 0.5%). In addition, return to OR rates and overall number of complications were higher. This is similar to Olsen et al's 2003 study in which they found patients with surgical site infection had a postoperative length of stay of 8.0 Ϯ 6.6 days and those without infection 4.6 Ϯ 9.2 days (P Ͻ 0.001). 7 Other studies have reported on the increased costs from postoperative infections. 6, 34, 35 Increased suspicion and identification of patients at risk for infection may aid timely diagnosis, effective treatment, and possibly reduce postoperative mortality.
Conclusion
This is one of the largest studies examining risk factors for postoperative wound infection after spinal surgery. Using multivariate analysis of the NSQIP database, we have identified the most important preoperative, and intraoperative risk factors for increased postoperative spinal wound infection. The information provided should assist clinicians in recognizing potential risk factors and assessing likelihood of postoperative wound infections in their patients. Awareness of risks will allow institution of steps to mitigate the development of an infection.
Key Points
• Postoperative infection is associated with greater length of hospital stay, increased mortality, and increased complication rates.
• Multivariate logistic regression identified insulin dependent diabetes, tobacco use, ASA class of 3 or 4 to 5, weight loss, dependent functional status, preoperative HCT Ͻ36, disseminated cancer, instrumented fusion, intraoperative transfusion, and an operative duration of 3 to 6 hours or Ͼ6 hours as statistically significant predictors of postoperative infection.
